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Certain virus receptors are sequestered on the baso-
lateral surface of polarized epithelial cells. A recent
study has shown how adenovirus — and perhaps
other viruses — are able to overcome this physical
barrier.
One of the major surprises — and disappointments —
of early attempts to treat cystic fibrosis by gene therapy
was that replication-defective adenoviral vectors were
found to be relatively poor at delivering therapeutic
genes to human airway epithelium, even though this
virus is a well known respiratory pathogen. We now
know that this failure was due in large part to a lack of
knowledge of how adenovirus gains entrance to host
cells in vivo. This situation is beginning to improve
thanks to new investigations by Walters et al. [1].
Human pathogens have evolved numerous strategies
to exploit their host’s cellular processes in order 
to survive and persist. Among these pathogens are 
adenoviruses: small, nonenveloped, icosahedral DNA
viruses [2]. There are more than 50 immunologically dis-
tinct types of adenvirus that can cause respiratory,
ocular and gastrointestinal disease in humans [3,4].
Each adenovirus particle contains 240 copies of a major
capsid protein — the hexon — and several minor pro-
teins. At the vertex region of the virus particle is a
complex called the penton, which is composed of an
elongated fiber protein and a base protein (Figure 1).
The fiber and base promote adenovirus attachment and
entry, respectively, into epithelial cells [5,6]. The penton
base facilitates adenovirus entry by binding to αv inte-
grins through a conserved arginine-glutamine-aspartic
acid (RGD) sequence on each of five flexible loops pro-
truding from the top of the base [7].
Adenovirus attachment to cells is mediated by high-
affinity binding of its fiber protein to a 46 kDa
membrane protein known as the coxsackie adenovirus
receptor — CAR for short — a member of the immuno-
globulin receptor superfamily [5]. CAR has recently
been shown to be a tight junction protein located on
the basolateral surface of the epithelium [8]. CAR’s
extracellular immunoglobulin domain (D1) mediates
homodimerization between CAR on neighbouring cells,
and disruption of CAR–CAR interactions leads to an
increase in transepithelial resistance [8,9]. The aden-
ovirus fiber protein in particular can disrupt CAR
homodimer formation, having a higher affinity for CAR
binding than CAR itself [9,10]. The high affinity of ade-
novirus fiber for CAR, and the inaccessible tight junc-
tion location of the receptor, posed a question: why
would a virus use a receptor that is seemingly inac-
cessible? Walters et al. [1] have now shown that aden-
ovirus fiber—CAR interactions play a major role in viral
escape and spread across the epithelium and to other
hosts [1]. Furthermore, CAR is required for establishing
and maintaining the airway epithelial barrier.
Using a polarized epithelial airway model, Walters et
al. [1] discovered that newly replicated adenovirus par-
ticles are initially released only to the basolateral
surface. These viruses subsequently make their way to
the apical surface through a paracellular pathway, as
observed by a concomitant drop in transepithelial resis-
tance and supporting transmission electron microscopy
data. The appearance of adenovirus particles on the
apical surface could then allow spread to a new host or
to a different part of the lung.
The observed disruption of epithelial integrity was
hypothesized to be caused by binding of adenovirus
fiber protein to CAR in the basal cells. It is worth noting
that subgroup C adenoviruses, such as adenovirus type
2, produce an excess of fiber protein over that incorpo-
rated into the virion. Presumably some of this protein
could escape the cell during the late phase of viral repli-
cation. In support of this idea, Walters et al. [1] found an
overproduction of fiber protein, both soluble and
present on defective particles, relative to purified parti-
cles. When soluble fiber protein was added to the baso-
lateral surface of the airway model, the epithelial
permeability increased, as did transport of adenovirus
to the apical surface. Tight junctions appeared to be
disrupted, as observed by a change in localization of
the junction proteins ZO-1 and β-catenin. The role of
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Figure 1. Cryo-electron micrograph of adenovirus serotype 5.
Fibers protruding from the vertices of the viral capsid are high-
lighted by white arrows. Scale bar represents approximately
100 nm. (Micrograph kindly provided by Phoebe Stewart.)
fiber protein in disrupting cell–cell integrity was further
demonstrated by use of anti-fiber serum: this was
found to inhibit the increase in paracellular permeabil-
ity, an effect that was abolished after depletion of the
anti-fiber antibodies from the serum. Collectively, these
results demonstrate a role for CAR, not only in the initial
entry process, but for the dissemination of the virus as
well (Figure 2).
Adenovirus is not the only virus that uses tight
junction proteins as receptors. An unrelated virus,
reovirus, uses junctional adhesion molecule (JAM) as its
receptor [11]. Reovirus is a double-stranded RNA virus
that has icosahedral symmetry, much like adenovirus
[12]. It also produces an elongated protein, σ1, which is
found at each of its 12 vertices and mediates binding to
JAM [11,13]. Reovirus gains access to the basolateral
intestinal membrane through microfold cells or small
breaks in the epithelium [14]. There are many similarities
between the fibers and receptors of the two viruses.
Both viruses are approximately 90 nm in diameter and
icosahedral in shape, with their fibers protruding from
each of the 12 vertices. Adenovirus fiber protein and σ1
are structurally similar, existing as trimers, with long tails
and globular head regions [15]. Their structural similari-
ties reflect functional similarities, as the head regions on
both adenovirus and reovirus mediate binding to CAR
and JAM, respectively. JAM and CAR are both members
of the immunoglobulin superfamily, and both are integral
parts of tight junctions [5,16]. Given these striking
similarities, it is tempting to speculate that the reovirus
σ1 protein is used in a similar manner as adenovirus to
increase paracellular permeability and promote viral
spread throughout the intestinal lumen.
These recent studies offer a useful model for
understanding how virus receptors located ‘in the
wrong location’ can nonetheless provide a conduit for
virus dissemination in the host. Along with earlier find-
ings, they also demonstrate why a standard adenovirus
vector would be a poor choice as a gene delivery agent
in certain situations. As most adenovirus vectors are
replication-defective, they do not have the capacity to
secrete soluble fibers or to generate viral particles that
can disrupt CAR–CAR interactions, thus restricting their
spread within the target tissue. This situation might be
remedied by using conditionally replicating vectors or
by retargeting standard adenovirus vectors to cell
receptors located on the apical, rather than the baso-
lateral, surface of polarized cells.
The findings by Walters et al. [1] do not address the
question of how the initial adenovirus particle infects
polarized epithelial cells. A plausible explanation is that
initial infection could be established via a transient break
in the cell monolayer that exposes CAR. An equally
plausible explanation is that alternative receptors
located on the apical surface facilitate primary infection.
Further investigations are needed to determine which of
these possibilities (or both) are valid. A better under-
standing of virus–host cell interactions should improve
the use of viral vectors for gene therapy as well as
increase our knowledge of viral pathogenesis.
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Figure 2. A model for adenovirus dissemination through
airway epithelium.
CAR is localized to tight junctions on epithelial cells (blue) and
on basal cells. Following initial infection of basal cells, virus and
fiber (red) are released from the cell and bind to CAR on neigh-
bouring epithelial cells. This interaction results in an increase in
paracellular permeability, thereby allowing viral escape to dif-
ferent parts of the airway or to different hosts.
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